ABSTRACT
INTRODUCTION
Phenol is extremely toxic to the environment and this pollutant released from oil refineries, pulp and paper mills, pharmaceutical, and pesticides. Phenol is classified as a carcinogenic compound and at a certain level can have adverse effects on human health [1] . As a result, the European Union has included phenol in the list of priority pollutants. The European Community sets the maximum amount of phenol in wastewater by lower than 1 ppm [2] . Several methods have been proposed to separate phenol from wastewater such as membrane techniques [3] , solvent extraction [4] , biological treatments [5] , heterogenous photocatalysis [6] and adsorption [7] [8] . Adsorption is one of the methods that are efficient, low in cost and high in capacity [9] .
Nowadays, magnetic nanomaterials derived from certain iron oxides (Fe 3 O 4 , γ-Fe 2 O 3 , α-Fe 2 O 3 ) are increasingly popular used as nano sorbents not only in water-treatment technologies [10] but also in biomedical applications [11] or in analytical chemistry [12] due to their excellent sorption ability, good mechanical properties and facile separability with a simple magnetic process [13] . Fe 3 O 4 nano particles attract pollutants significantly due to their advantages in recovering and recycling [14] . They are widely used in manufacturing magnetic recording devices, protective and sensitive coating, pigments, catalyst and applications in biomedical fields [13] . They have unique properties due to their response to the magnetic field, high saturation magnetization, non-toxic and high biocompatibility [15] . The magnetite nanoparticles are easily oxidized and agglomerated in aqueous solution. Therefore, stabilized magnetite is desirable [16] .
Several researchers have focused on the modification of Fe 3 O 4 which has specific surface combined with organic materials such as polyacrylic acid [17] , chitosan [18] , alginate [19] or humic acid [20] for pollutant removal. Humic acid (HA) is a natural organic macromolecule made of decomposed plant and animal materials in soil [21] . Chemically, it is a heterogeneous compound that has multiple functional groups containing carboxyl and hydroxyl groups as its predominant functional groups. The functional groups of HA have different ability to bind metal ion in forming a complex of metal-HA [22] . HA in Indonesia has functional groups of which oxygen content specifically distributed into COOH, phenolic OH and alcoholic OH. The oxygen containing functional groups is mostly in the form of carboxyl and phenolic OH. The composition of oxygen in the functional groups of HA is highly dependent on its origin [23] . The interaction of HA and Fe 3 O 4 surface can effectively prevent the collision of particle adhesion during the heating process. [24] [25] .
Recently, several researchers have been conducted to examine the possibility of Fe 3 O 4 /HA to be used as an efficient material for removing heavy metal [20] , serving as a catalyst for mineralization of sulfathiazole [26] , removing rhodamine B [27] and adsorbing methylene blue [28] . The novelty of this research compared to previous studies is that the adsorbent of Fe 3 O 4 nanoparticles was coated using HA extracted from peat soil from Sambutan village, East Kalimantan.
The previous researchers used commercial HA taken from Acros Organics and Aldrich [20] or Humatex [28] . 4 were characterized using a Shimadzu 8201 PC Fourier transform spectrometer (FT-IR). The crystal structure was analyzed using Shimadzu X-ray diffraction (XRD) and using CuKα radiation (λ = 1.5406 Å) operated at 40 kV and 30 mA. Vibrating sample magnetometer was used to measure magnetization curve. The surface morphology and particle size were examined using a JEOL SSM-6510 LA Scanning electron microscopy (SEM).
Stability of Fe ions and HA contained in Fe 3 O 4 /HA
Two series of solutions were prepared for stability test of Fe ions and HA contained in Fe 3 O 4 /HA. 10 mg of Fe 3 O 4 /HA was added to 10 mL of distilled water and the acidity was adjusted from pH 1.0 to 13.0 by using HCl or NaOH solution. The mixture was stirred for 60 min and after 24 h the supernatant was then separated from Fe 3 O 4 /HA. The HA dissolved in the supernatant was analyzed using UV-Spectrophotometer (1601 PC UV-Vis Double Beam) and then Fe ions in the supernatant were determined using Atomic Absorption Spectrophotometer (AAS-Analytik Jena).
Procedure for phenol sorption in Fe 3 O 4 /HA
Adsorption experiments were carried out at room temperature using a shaken batch process. 10 mg of Fe 3 O 4 /HA and 1 mL of H 2 O 2 0.5 M were added into 10 mL solution of phenol 100 mg/L. A series of experiment was conducted to evaluate the effects of pH ranging from 3.0 to 8.0 with the addition of HCl or NaOH. The adsorption kinetics was measured at an initial phenol concentration of 100 mg/L with interaction time of 0, 30, 60, 90, 120, 180 and 240 min. The equation models of Lagergren's pseudo first-order, Ho's pseudo second-order and Santosa's first-order were used to analyze the adsorption kinetic model. The adsorption capacity was also measured using the batch method in the concentrations of phenol solution of 30, 50, 80, 100, 150 and 200 mg/L. After the supernatant was separated, the concentration of phenol was determined using the 4-aminoantypirine method and analyzed using VisibleSpectrophotometer (Optima SP-300 Spectrophoto meter). The blank solution was also analyzed under the same condition as the sample solution. Based on the data obtained, the capacity and equilibrium constant (K) of adsorption were calculated based on the Langmuir isotherm adsorption model and the energy (E) of adsorption was calculated using the equation of E = RT ln K.
RESULT AND DISCUSSION
In this research, HA and Fe 3 O 4 were successfully coated using the coprecipitation method in alkaline condition at pH 11 and heated at 90°C. [30] . It is believed the bonding between HA and Fe 3 O 4 surface is mainly done through ligand exchange [20] . (Fig. 2) . The XRD peaks are accordance with the peaks characteristic of inverse cubic spinel structure (JCPDS 65-3107) [15, 31] . This result indicated that the (Fig. 3) . The presence of HA in Fe 3 O 4 affected the magnetic properties of the adsorbent. The saturation magnetization decreased with the increased content of HA, but such decrease was still effective for the separation using magnetic field [32] .
The SEM analysis of HA, Fe 3 O 4 and Fe 3 O 4 /HA is shown in Fig. 4 . SEM images of rigid colloid-shaped HA and spherical-shaped Fe 3 O 4 with nanosize which had a diameter of 10-18 nm were successfully made. However, whatever the shape of Fe 3 O 4 is , it is still likely to agglomerate [26, 33] . The coating of HA on Fe 3 O 4 obtained larger particles size due to the combination of the coating agent layers on the surface of Fe 3 O 4 [15] . The analysis of Energy Dispersive X-Ray indicated that HA was dominated by C (63%), O (34%) and a small amount of Fe (3%). Meanwhile, Fe 3 O 4 was dominated by Fe (89%) and a small amount of C (3%) and O (8%). The coating of Fe 3 O 4 /HA decreased the composition of Fe to 83% but increased C and O to 6% and 11%. This indicated that the coating of HA on Fe 3 O 4 was successful.
The coating of Fe 3 O 4 using HA improved the stability of Fe ions and HA (Fig. 5) ions [25] . On the other hand, without coating, HA is gradually dissolved from pH 9.0 to 13 because, under basic conditions, HA will easily dissolve. After coating HA on Fe 3 O 4 , Fe 3 O 4 /HA was relatively more stable at pH 1.0-11.
In this research, the analysis of phenol was determined using 4-aminoantipyrine method and analyzed using Visible-Spectrophotometer because this method was capable of measuring phenolic materials at the 5 μg/L level and applicable to the analysis of drinking waters and industrial wastes [35] [24, 36] .
During the adsorption kinetics of phenol on Fe 3 O 4 and Fe 3 O 4 /HA, the adsorption occurred very rapidly within 120 min and slowed down until the adsorbed phenol reached the equilibrium value as shown in Fig. 7 . Lagergren's pseudo first-order, Ho's pseudo secondorder and Santosa's first-order models were used to analyze the adsorption kinetics. The Lagergren's equation for pseudo first-order kinetics can be written as the following Equation (1) [37]   e t e 1 lnlnq k , t   
where q e (amount of phenol adsorbed, mmol/g at equilibrium) and q t (amount of phenol adsorbed, mmol/g ). The Lagergren's first-order rate constant (k 1 ) and theoretical equilibrium adsorption capacity (q e ) were calculated from the intercept and slope of the plot ln (q e -q t ) versus t. The Ho's pseudo-second-order equation was used to describe the kinetics of phenol sorption, as in Equation (2), where q e and q t are similar to the previously mentioned, k 2 is pseudo second-order rate constant. (g/mmol.min). The plots of t/qt versus t is as follows [38] 
The Santosa's first order model was represented in Equation (3), where C a0 is the initial concentrations of phenol (mmol/g), C a and C ae are the remaining concentrations of phenol in solution after the adsorption at t and equilibrium (mmol/g), k s is the Santosa's first order rate constant, and t is the interaction time. The plots of
versus t is as follows [39]     a a0 ae s ae a0 a ae
A linear relationship with high correlation coefficients which could be applied to sorption kinetics model was the pseudo-second-order model as shown Fig. 9 . From the data obtained, the phenol adsorbed at equilibrium (m, mmol/g) and the equilibrium phenol concentration (C e , mmol/L) were fitted to the linear form of Langmuir and Freundlich isotherm model, as in Equation (4) and (5) [40] 
